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(57) An input clutch lubrication control apparatus for 
au autonnatic transmission, including an oil pump (24), 
a sleeve (27), an input shaft (5) rotatably supported by 
the sleeve (27), an electromagnetic input clutch (4) driv- 
ingly coupled with the input shaft (5) upon being applied, 
first and second lubrication circuits (52, 53) fluidly com- 
municating the electromagnetic input clutch (4) with the 
oil pump (24), and a controller (62) programmed to con- 
trol the first and second lubrication circuits (52, 53) to 
regulate an amount of the lubricating oil fed to the elec- 
tromagnetic input clutch (4). First lubrication circuit (52) 
includes an annular space (5a) between the input shaft 
(5) and the sleeve (27). Second lubrication circuit (53) 
includes an axial bore (5b) of the input shaft (5). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an apparatus 
for controlling lubrication in an input clutch used in an 
automatic transmission, and specifically,' to an appara- 
tus for controlling lubrication in an electromagnetic input 

clutch. 

[0002] In general, an automatic transmission of a con- 
tinuously variable type (stepless transmission) era non- 
contlnuously variable type (stepwise tran5;rnifi.slon) l-S -SO 
constructed as to receive rotation of an engine as a pow- 
er source via a torque converter. The torque converter 
transmits the power between input and output elements 
by hydrodynamic force. The torque converter can per- 
form smooth transmission of the power, but there will 
occur slippage between the input and output elements, 
causing decrease in fuel economy. 
[0003] In order to eliminate the above- described dis- 
advantage, there have been proposed automatic trans- 
missions In which an Input clutch constituted by an elec- 
tromagnetic clutch or multiple-disc clutch is used in 
place of a torque converter. Japanese Patent Applica- 
tions First Publications Nos. 10-78052 and 5-149418 
disclose an automatic transmission including a multiple- 
disc clutch substituted for a torque converter. The mul- 
tiple-disc clutch has a relatively large size, and requires 
such a complicated hydraulic circuit for controlling the 
clutch application as described In the latter of the eariier 
techniques. This results in enlarged size and complicat- 
ed construction of the automatic transmission. In addi- 
tion, if the multiple-disc clutch is substituted for the 
torque converter in the automatic transmission, a large 
change of the design of the automatic transmission must 
be required. Therefore, It is preferable to use the elec- 
tromagnetic clutch rather than the multiple-disc clutch. 
[0004] However, even when the electromagnetic 
clutch is used for the input clutch, It is required to apply 
the input clutch at a slipping state in order to prevent 
undesired shock from being caused upon the starting or 
speed-change operation of the automatic transmission. 
Accordingly, the electromagnetic input clutch must be 
lubricated. 

[0005] The lubrication circuit of the electromagnetic 
Input clutch Includes an oil pump for pumping a lubricat- 
ing oil from an oil source. The oil pump is disposed at 
the connection between a transmission casing and an 
input clutch housing. A control valve body is mounted to 
a lower portion of the transmission casing and adapted 
to control speed-change of the automatic transmission 
using the oil fed from the oil pump as a working medium. 
An excessive oil from the control valve body is utilized 
for lubricating the electromagnetic input clutch within the 
Input clutch housing. The lubricating oil to be used for 
lubrication of the electromagnetic input clutch must be 
supplied from the central portion of the Input clutch be- 
cause the input clutch per se Is a rotor. Therefore, the 



lubrication circuit cannot be fomned at the outer periph- 
ery of the input clutch. For the reasons described above, 
the formation of the lubrication circuit tends to increase 
diameter of a transmission input shaft and radial dimen- 

s slon of the entire automatic transmission. 

[0006] Further, if two lubrication circuits for the input 
clutch are arranged parallel to each other and selective- 
ly used for easy control of an amount of the lubricating 
oil, the above-described tendency will become more slg- 

10 n if leant. There is a demand for providing the solution of 
the above problem. 

SUMMARY OF THE INVENTION 

IS [0007] An object of the present invention is to provide 
an apparatus for controlling lubrication in an input clutch 
of an automatic transmission, which is provided with two 
parallel lubrication circuits for the input clutch without 
increasing radial dimensions of a transmission input 
shaft and the automatic transmission and is capable of 
readily controlling an amount of a lubricating oil to be 
used for lubrication In the Input clutch. 
[0008] A further object of the present Invention is to 
provide an apparatus for lubricating an electromagnetic 
input clutch of an automatic transmission, which is ca- 
pable of being constructed without substantially chang- 
ing the design of the automatic transmission utilizing a 
torque converter. 

[0009] According to one aspect of the present Inven- 
tion, there Is provided an input clutch lubrication control 
apparatus for au automatic transmission, comprising: 

an oil pump discharging a lubricating oil; 
a sleeve; 

an input shaft having an axial bore, the input shaft 
rotatably supported by the sleeve; 
an electromagnetic input clutch electromagnetlcally 
operated to be drivlngly coupled with the input shaft 
upon being applied; 

a first lubrication circuit feeding the lubricating oil 
discharged from the oil pump to the electromagnetic 
input clutch, the first lubrication circuit including a 
space between an outer circumferential surface of 
the input shaft and an inner circunnferential surface 
of the sleeve; and 

a second lubrication circuit feeding the lubricating 
oil discharged from the oil pump to the electromag- 
netic input clutch, the second lubrication circuit in- 
cluding the axial bore of the input shaft; and 
a controller programmed to control the first and sec- 
ond lubrication circuits to regulate an amount of the 
lubricating oil fed to the electromagnetic input 
clutch. 

[0010] According to a further aspect of the present In- 
vention, there is provided an Input clutch lubrication con- 
trol apparatus for au automatic transmission, compris- 
ing: 
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an oil pump discharging a lubricating oii; 
a sleeve; 

an input shaft rotatabty received by the sleeve with 
a space therebetween, the input shaft having an ax- 
ial bore; 

an electromagnetic input clutch electromagnetically 
operated to be drivingty coupled with the input shaft 
upon being applied; 

first lubrication passage means for fiuidly commu- 
nicating the electromagnetic input clutch with the oil 
pump through the space between the sleeve and 

ihe inpui Snafi; 

second lubrication passage means for fiuidly com- 
municating the electromagnetic input clutch with the 
oil pump through the axial bore of the input shaft; 
and 

a controller programmed to control the first and sec- 
ond lubrication passage means depending on an 
operating state of the electromagnetic input clutch. 

[001 1 ] According to a still further aspect of the present 
Invention, there is provided an automatic transmission, 
comprising: 

an oil pump discharging a lubricating oil; 
a sleeve; 

an input shaft rotatably supported by the sleeve; 
an electromagnetic input clutch electromagnetically 
operated to be drivingty coupled with the input shaft 
upon being applied; 

first and second lubrication circuits fiuidly commu- 
nicating the electromagnetic input clutch with the oil 
pump and arranged parallel to each other; and 
a controller programmed to perfomri either one of a 
mono-circurt lubrication control in which the first lu- 
brication circuit is used and a bl-circuit lubrication 
control in which the first and second lubrication cir- 
cuits are used, depending on an operating state of 
the electromagnetic input clutch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Fig. 1 is a cross-sectional view of a part of an auto- 
matic transmission to which an apparatus of the 
present invention is Incorporated, taken along an 
axis of an input shaft; 

Fig. 2 is a fragmentary view of the automatic trans- 
mission as viewed from an engine side, showing an 
inside of an Input clutch; 

Fig. 3 is a schematic blocl< diagram of a transmis- 
sion control system used in the automatic transnriis- 
sion; 

Fig. 4 is a partially enlarged diagram of Fig. 3, show- 
ing a lubrication control valve in an operating posi- 
tion; and 

Fig. 5 is a flow chart showing a lubrication control 



program for the input clutch which is executed by a 
controller. 

DETAILED DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

[0013] Refem'ng now to Fig. 1 , there is shown an au- 
tomatic transmission to which an apparatus for control- 
ling lubrication in an input clutch, of a preferred embod- 
iment according to the present invention, is incorporat- 
ed. In this embodiment, the automatic transmission Is in 

UlC IWIIII VI a V~WIL VWI lllilMWMWIJp «MIIC4MI\« Ml iwi I iiwwiwt • 

(CVT) including speed change section 7 as explained 
later. 

[0014] As illustrated in Fig. 1 , the V-belt CVT includes 
transmission casing 21 , end cover 22 closing a rear end 
opening of transmission casing 21 , and input clutch 
housing 23 attached to a front end opening of transmis- 
sion casing 21 . Oil pump 24 is disposed between trans- 
mission casing 21 and input clutch housing 23. Oil pump 
24 Is In the form of a gear pump which Includes pump 
housing 25, pump cover 26 cooperating with pump 
housing 25 to define a space therebetween, and an in- 
ternal gear pump element disposed within the space. 
[0015] Stationary sleeve 27 is received into a central 
opening of pump cover 26 in a fitting relation to an inner 
circumferential surface of pump cover 26 which defines 
the central opening. Input shaft 5 is rotatably supported 
by sleeve 27. 

[0016] Input clutch 4 Is mounted onto a front portion 
of input shaft 5 which projects into an inside of input 
clutch housing 23. Input clutch 4 is electromagnetically 
operated and includes electromagnetic clutch 28, input 
clutch pack 29 disposed on an outer periphery of elec- 
tromagnetic clutch 28, and loading cam 30 disposed on 
an Inner periphery of electromagnetic clutch 28. Elec- 
tromagnetic clutch 28 is adapted to transmit rotation of 
clutch drum 33 to loading cam 30 when electromagnetic 
clutch 28 is in an applied or engaged state. Clutch drum 

33 is drivingly connected to an engine crankshaft (not 
shown) via torsional damper 31 and drive plate 32. 
Clutch drum 33 acts as a drive shaft of oil pump 24. 
[0017] When loading cam 30 receives engine rotation 
upon application of electromagnetic clutch 28, loading 
cam 30 exhibits cam function by the rolling contact be- 
tween balls and a sloped cam surface. A thrust force is 
caused and exerted on input clutch hub 34 splined to 
input shaft 5, to the right side in Fig. 1 . Input clutch hub 

34 is moved In the direction to urge input clutch pack 29 
by an outer circumferential portion thereof. Input clutch 
pack 29 is brought into an engaged state in which Input 
clutch hub 34 is coupled with clutch drum 33. In this con- 
dition, input clutch 4 is in an applied state in which input 
clutch 4 transmits the engine rotation to input shaft 5 
through clutch drum 33, input clutch pack 29 engaged, 
and input clutch hub 34. 

[0018] One-way clutch 8 is fitted to Input shaft 5 be- 
tween oil pump 24 and loading cam 30. Annular member 
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35 is rotatively engaged with an outer circumferentiai 
surface of one-way ciutch 8 and secured to a front end 
portion of stationary sleeve 27. Annuiar member 35 and 
sleeve 27 act as a reaction force receiving member for 
one-way clutch 8 which prohibits a rotation of input shaft 
5 reverse to the engine rotation so that one-way clutch 
8 can effect a hill-hold function forpreventing the vehicle 
from rolling on a slope. 

[0019] Speed change section 7 includes primary pul- 
ley 36, secondary pulley 37 and V-belt 38 connecting 
primary and secondary pulleys 36 and 37. Primary pul- 
ley 36 is fined onto a rear end puriiun or input sliafi G 
which projects into transmission casing 21 . Primary pul- 
ley 36 has a front end supported on transmission casing 
21 through bearing 39 and a rear end supported on end 
cover 22 through bearing 40. Each of primary and sec- 
ondary pulleys 36 and 37 defines a V-groove engaged 
with V-belt 38 and is controllable to change a width of 
the V-groove which extends in the axial direction of input 
shaft 5. A radius of curvature of a circular arc fomned by 
V-belt 38 spanned on pulleys 36 and 37 is continuously 
changed by changing the V-groove width. Speed 
change section 7 can thus conduct a continuously var- 
iable transmission operation. Rotation output with 
speed change is transmitted from secondary pulley 37 
to drive wheels via differential gears (not shown). 
[0020] Forward-reverse switching mechanism 41 is 
disposed at the connection where input shaft 5 and pri- 
mary pulley 36 are coupled with each other. Forward- 
reverse switching mechanism 41 includes simple plan- 
etary gear set 42, wet multiple-disc forward clutch 43 
and reverse brake 44. Simple planetary gear set 42 in- 
cludes a ring gear drivingly coupled with input shaft 5 
via clutch drum 45 of forward clutch 43 so as to act as 
an input element, a sun gear drivingly coupled with pri- 
mary pulley 36 so as to act as an output element, and 
a carrier connected with hub 46 of reverse bralce 44 so 
as to act as a reaction force receiving member. Forward 
clutch 43 is operative to mal<e simple planetary gear set 
42 as one unit by drivingly connecting the ring gear and 
the sun gear when forward clutch 43 is engaged, to 
thereby transmit rotation of input shaft 5 to primary pul- 
ley 36 for fonvardly driving the vehicle. Reverse brake 
44 is operative to activate the canier of simple planetary 
gear set 42 as the reaction force receiving member by 
fixing the earner, to thereby transmit reduced reverse 
rotation of input shaft 5 to primary pulley 36 for reversely 
driving the vehicle. 

[0021] Thus-constructed automatic transmission 
shown in Fig. 1 is operated as follows. When non-travel 
range such as a neutral (N) range and a pari<ing (P) 
range is selected, electromagnetk: clutch 28 is deener- 
gized to be in OFF position and thus input clutch 4 is in 
the released state. Forward clutch 43 and reverse brake 
44 as start friction elements are in the released state 
with the working pressure drained. In this condition, the 
engine rotation is prevented from being transmitted to 
primary pulley 36 so that the vehicle is stopped. 
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[0022] When a driving (D) range is selected, forward 
clutch 43 is applied with hydraulic pressure. Electro- 
magnetic clutch 28 is then energized to be in the applied 
state in which loading cam 30 effects the cam function 

s to bring input clutch 4 into the applied state. The engine 
rotation is transmitted to Input shaft 5 via Input clutch 4 
applied, and then transmitted to primary pulley 36 of 
speed change section 7 via forward clutch 43 applied 
and simple planetary gearset 42. Speed change section 

10 7 continuously variably transmits the rotation to the 
wheels so that the vehicle forwardly runs. If electromag- 
netic clutch 23 ;g gradually energized at the start so as 
to control a rate of application thereof, the vehicle can 
smoothly start in the forward direction. 

15 [0023] When a reverse (R) range is selected, reverse 
brake 44 is applied with hydraulic pressure. Then, elec- 
tromagnetic clutch 28 is energized to be in the applied 
state so that loading cam 30 effects the cam function to 
make input clutch 4 applied. The engine rotation is trans- 

20 mitted to Input shaft 5 via input clutch 4 applied. The 
engine rotation transmitted to input shaft 5 is reduced in 
the reverse direction by reverse brake 44 applied and 
planetary gear set 42 and then transmitted to primary 
pulley 36 of speed change section 7. The rotation Is con- 

25 tinuously variably transmitted by speed change section 
7 to the wheels of the vehicle. The vehicle is driven in 
the reverse direction. If the energization of electromag- 
netic clutch 28 is gradually carried out at the start so as 
to control the rate of application of electromagnetic 

30 clutch 28 , the reverse travel of the veh Icle can smoothly 
start. 

[0024] Lubrication in input clutch 4 will be explained 
hereinafter. Input clutch 4 is enclosed In stationary input 
clutch casing 51 with the lubricating oil. Input clutch cas- 

35 ing 51 is secured to the front end opening of transmis- 
sion casing 21 together with input clutch housing 23. In- 
put clutch casing 51 and input clutch housing 23 are 
mounted to transmission casing 21 in such a manner 
that the lubricating oil within input clutch casing 51 is 
prevented from leaking to Input clutch housing 23. 
[0025] There are provided first lubrication circuit or 
passage 52 and second lubrication circuit or passage 
53 f luidly communicating input clutch 4 with oil pump 24 
for lubricating input clutch 4. First and second lubrication 

45 circuits 52 and 53 are arranged in parallel relation to 
each other. First lubrication circuit 52 includes annular 
space 5a disposed at the connection in which a front 
reduced-diameter portion of input shaft 5 is fitted into 
sleeve 27. Annular space 5a is formed between an inner 

so circumferentiai surface of sleeve 27 and an outer cir- 
cumferential surface of the reduced-diameter portion of 
input shaft 5. Annular space 5a is communicated with 
oil pump 24 and input clutch 4 via radial ports formed In 
sleeve 27. Second lubrication circuit 53 includes axial 

55 bore 5b of Input shaft 5. Axial bore 5b is communicated 
with input clutch 4 via a radial port formed in input shaft 
5 and communicated with oil pump 24 via radial ports 
formed in Input shaft 5 and sleeve 27. Here, an inlet fluid 
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circuit for lockup control of conventional torque convert- 
ertransmissions may be suitably used as first lubrication 
circuit 52 for Input clutch 4. Also, an outlet fluid circuit 
for lockup control of the conventional torque converter 
transmissions may be suitably used as second lubrica- 
tion circuit 53 for input clutch 4. After completion of lu- 
brication of input clutch 4, the lubricating oil is collected 
by a plurality of oil catching ribs 55A which are formed 
in input clutch casing 51 as shown in Fig. 2. 
[0026] As illustrated in Fig. 2, oil catching ribs 55A are 
disposed inside a lower portion of input clutch casing 
51 . The lubricating oil that has lubricated Input clutcn 4 
is collected in a space defined between oil catching ribs 
55A. Oil catching ribs 55A uprightly and radially extend 
from an inner peripheral surface of input clutch casing 
51 . Oil catching ribs 55A are spaced from each other in 
a direction of rotation of input clutch 4 as indicated by 
arrow of Fig. 2. There may be provided connection rib 
55B connecting the adjacent two of oil catching ribs 55A 
and cooperating therewith to define an oil collecting 
space, as Indicated by broken line in Fig. 2. A rear wall 
of input clutch casing 51 Is formed with opening 56 
through which the lubricating oil collected between oil 
catching ribs 55A flows out of input clutch casing 51. 
Opening 56 constitutes a part of oil return passage 57 
shown In Fig. 1 . 

[0027] Oil return passage 57 returns the lubricating oil 
collected after completion of the lubrication of Input 
clutch 4, to oil pan or oil receiver 54 shown In Fig. 2. Oil 
return passage 57 includes oil guide rib 58 and opening 
59 which are formed in input clutch housing 23 as shown 
in Fig. 1 . 

[0028] Referring now to Fig. 3, there is shown a block 
diagram for explaining various controls conducted by 
controller 62 through transmission control section 61 . 
Controller 62 includes a microcomputer incorporating 
central processor unit (CPU), input ports, output ports, 
read-only memory (ROM) for storing the control pro- 
gram, random access memory (RAM) for temporary da- 
ta storage, and a conventional data bus. 
[0029] As illustrated in Fig. 3, transmission control 
section 61 includes first pressure regulating valve 63, 
second pressure regulating valve 64, transmission con- 
trol valve 69 and forward-reverse selecting valve 70. 
First pressure regulating valve 63 creates transmission 
control pressure Ps using lubricating oil 24a as a work- 
ing medium which is discharged from oil pump 24. 
Transmission control valve 69 controls primary and sec- 
ondary pulleys 36 and 37 so as to adjust the V-groove 
widths thereof using transmission control pressure Ps 
as initial pressure in accordance with a target gear ratio 
determined by controller 62. Controller 62 receives sig- 
nal outputs RS, TVO and VSP which are generated from 
inhibitor switch 65, throttle position sensor 66 and vehi- 
cle speed sensor 67, respectively. Signal output RS In- 
dicates the range selected from ranges P, N, D and R 
by a vehicle operator. Signal output TVO indicates a 
throttle opening degree corresponding to the throttle po- 
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sition. Signal output VSP indicates a vehicle speed. 
Controller 62 calculates the target gear ratio on the basis 
of signal outputs RS, TVO and VSP. Controller 62 oper- 
ates stepping motor 68 so as to move transmission con- 

5 trol valve 69 to the valve position corresponding to the 
target gear ratio, in which suitable V-groove widths of 
primary and secondary pulleys 36 and 37 are given. 
[0030] Second pressure regulating valve 64 creates 
forward-reverse selecting pressure Pc using an excess 

10 of the lubricating oil discharged from first pressure reg- 
ulating valve 63. Forward -reverse selecting valve 70 is 
mechanicaiiy operuleu uepenuInQ on the range salsct- 
ed by the vehicle operator. When P range or N range is 
selected, forward clutch 43 and reverse brake 44 are 

15 released so that the vehicle can be at a stop. When D 
range is selected, forward clutch 43 is applied by for- 
ward-reverse selecting pressure Pc such that the vehi- 
cle can forwardly run. When R range is selected, reverse 
brake 44 is applied by forward-reverse selecting pres- 
to sure Pc such that the vehicle can reversely run. 

[0031] Controller 62 carries out application/release 
control of electromagnetic clutch 28, namely, applica- 
tion/release control of input clutch 4, depending on sig- 
nal output RS from inhibitor switch 65. When controller 

25 62 detennines that N range or P range is selected, con- 
troller 62 deenerglzes electromagnetic clutch 28. Elec- 
tromagnetic clutch 28 is thus released so that input 
clutch 4 is In the released state. In the released state of 
input clutch 4, fonward clutch 43 and reverse brake 44, 

30 the vehicle can be at a stop. When controller 62 deter- 
mines that D range or R range is selected, controller 62 
provides electromagnetic clutch 28 with electric current 
i shown In Fig. 3, so as to apply electromagnetic clutch 
28 and apply input clutch 4. In the applied state of input 

35 clutch 4, and forward clutch 43 or reverse brake 44, the 
vehicle can run in the forward or reverse direction. At 
the start, controller 62 gradually increases electric cur- 
rent i supplied to electromagnetic clutch 28, so as to reg- 
ulate the application rate of electromagnetic clutch 28 

40 for smooth start of the forward or reverse travel of the 
vehicle. 

[0032] Controller 62 also carries out lubrication con- 
trol of input clutch 4 by operating lubrrcation control 
valve 71 , solenoid valve 72 and pilot valve 73 which are 

45 provided at transmission control section 61 . Lubrication 
control valve 71 includes spool 71 a, a spool bore receiv- 
ing spool 71 a, and spring 71 b biasing spool 71 a in one 
direction within the spool bore. Spool 71 a defines pres- 
sure-apply chamber 71 c at one axial end thereof in co- 

50 operation with the spool bore. The spool bore is flu idly 
communicated with second pressure regulating valve 
64, first lubrication circuit 52 and second lubrication cir- 
cuit 53. Lubrication control valve 71 has a bi-ctrcuit lu- 
brication position shown in Fig. 3, in which first lubrica- 

55 tion circuit 52 and second lubrication circuit 53 are al- 
lowed to transmit the lubricating oil discharged from sec- 
ond pressure regulating valve 64, to input clutch 4. in 
this position, spool 71a is urged by the biasing force of 
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spring 71b onto a bottom of the spool bore. Lubrication 
control valve 71 also has a mono-circuit lubrication po- 
sition shown In Fig. 4, In which only first iubrication cir- 
cuit 52 is allowed to transmit the lubricating oil dis- 
charged from second pressure regulating valve 64, to 
input clutch 4. In this position, spool 71a is moved re- 
mote from the bottom of the spool bore against the bi- 
asing force of spring 71b. Here, a lockup control valve 
for lockup control of conventional torque converter 
transmissions may be used as lubrication control valve 
71 for input clutch 4. Flow control member 52a is dis- 
posed within first iubriculiuii uiiCuil 52 HmcI limits an 
amount of the lubricating oil passing through first lubri- 
cation circuit 52. Flow control member 52a defines an 
opening area of first lubrication circuit 52 through which 
a minimum amount of the lubricating oil passes through 
first lubrication circuit 52 for lubrication of input clutch 4. 
In this embodiment, flow control member 52a is in the 
form of an orifice. 

[0033] Controller 62 is programmed to determine a re- 
quired lubricating oil amount that Is required for lubrica- 
tion of input clutch 4 depending on an operating state of 
input clutch 4 as explained later. Lubrication control 
valve 71 is actuated by solenoid valve 72 to shift be- 
tween the bi-circuit lubrication position and the mono- 
circuit lubrication position. 

[0034] Controller 62 operates solenoid valve 72 so as 
to shift between OFF position and ON position. Solenoid 
valve 72 is supplied with constant pilot pressure Pp that 
is created by pilot valve 73 on the basis of transmission 
control pressure Ps as the initial pressure. When sole- 
noid valve 72 is shifted to OFF position by controller 62, 
constant pilot pressure Pp is prevented from being ap- 
plied to pressure-apply chamber 71c so that lubrication 
control valve 71 is moved to the bi-clrcuit lubrication po- 
sition shown In Fig. 3. When solenoid valve 72 is shifted 
to ON position by controller 62, constant pilot pressure 
Pp is applied to pressure-apply chamber 71c so that lu- 
brication control valve 71 is moved to the mono-circuit 
lubrication position shown in Fig. 4. Lockup control 
valves used for the torque converter transmission in the 
earlier techniques may be used as solenoid valve 72 
and pilot valve 73. 

[0035] Referring to Fig. 5, a flow of the lubrication con- 
trol executed by controller 62 Is now explained. 
[0036] Log Ic flow starts and goes to decision block 8 1 
where an Interrogation is made whether input clutch 4 
is in the fuH-applied state or released state, or in the slip- 
ping state on the basis of an amount of electric current 
i supplied to electromagnetic clutch 28. If it is determined 
at decision block 81 that input clutch 4 Is In the full-ap- 
plied state or released state, the required lubricating oil 
amount for lubrication of input clutch 4 Is determined as 
a minimum level and the logic goes to block 82. At block 
82, the mono-circuit lubrication control is perfonned as 
follows. Solenoid valve 72 Is moved to ON position 
where pilot pressure Pp is permitted to exert onto pres- 
sure-apply chamber 71c of lubrication control valve 71 . 



Lubrication control valve 71 Is then moved to the mono- 
circuit lubrication position where the lubricating oil is 
permitted to be transmitted to input dutch 4 via only first 
lubrication circuit 52 with orifice 52a. Input clutch 4 can 
5 be suitably lubricated by the minimally required lubricat- 
ing oil amount. This can limit loss of the driving energy 
of oil pump 24 to a minimum level. 
[0037] If it is detemnined at decision block 81 that input 
clutch 4 is in the slipping state, the required lubricating 
^0 oil amount for lubrication in input clutch 4 is determined 
as a maximum level and the logic goes to block 83 where 
the bi-circu;t Subricaticn centre! is performed. At block 
83, solenoid valve 72 is moved to OFF position to pre- 
vent pilot pressure Pp from being applied to pressure- 
's apply chamber 71c of lubrication control valve 71 . Lu- 
brication control vatve 71 is moved to the bi-circuit lubri- 
cation position where the lubricating oil is permitted to 
be transmitted to input clutch 4 via both of first lubrica- 
tion circuit 52 and second lubrication circuit 53. Input 
20 clutch 4 can be f ul ly I ubricated and therefore be prevent- 
ed from wear and heat to be caused by less lubrication 
thereof. 

[0038] As be apparent from the above explanation of 
the embodiment of the present invention, the lubrication 

25 of input clutch 4 can be readily conducted by selecting 
the mono-circuit and bi-circuit lubrication control. 
[0039] First and second lubrication circuits 52 and 53 
used for the mono-circuit and bl-clrcuit lubrication con- 
trol are provided parallel to each other at the connection 

30 of input shaft 5 and sleeve 27 In which input shaft 5 Is 
received Into sleeve 27. Namely, first lubrication circuit 
52 includes annular space 5a between the outer circum- 
ferential surface of input shaft 5 and the inner circum- 
ferential surface of sleeve 27. First lubrication circuit 52 

35 fluidly communicates Input clutch 4 with oil pump 24. 
Second iubrication circuit 53 includes axial bore 5b 
fonned In Input shaft 5. Second lubrication circuit 53 flu- 
idly communicates input clutch 4 with oil pump 24. With 
the arrangement, it is not required to increase the diam- 

40 eter of input shaft 5. Therefore, the lubrication control of 
input clutch 4 can be readily performed without increas- 
ing the radial dimension of the automatic transmission. 
[0040] Further, inlet and outlet fluid circuits for lockup 
control of conventional torque converter transmissions 

45 can be used without change of their designs as annular 
space 5a between Input shaft 5 and sleeve 27 and axial 
bore 5b within input shaft 5, respectively. Annular space 
5a in communication with input clutch 4 Is used as a part 
of first lubrication circuit 52 for input clutch 4, and axial 

50 bore 5b in communication with input clutch 4 is used as 
a part of second lubrication circuit 53 therefor. In addi- 
tion, a lockup control valve for lockup control of the con- 
ventional torque converter transmissions can be used 
as lubrication control valve 71 for lubrication control of 

55 input clutch 4. Accordingly, the lubrication control of In- 
put clutch 4 can be conducted by utilizing the Inlet and 
outlet fluid circuits and the lockup control valve for lock- 
up control for the conventional torque converter trans- 
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missions without substantially changing the design 
thereof. This can serve for providing the automatic 
transmission with the electromagnetic input clutch at low 
cost by utilizing the automatic transmission with the 
torque converter. 

[0041 ] Furthermore, with the provision of flow control 
member 52a within first lubrication circuit 62, the lubri- 
cating oil amount required for lubricating input clutch 4 
can be suitably regulated during the mono-circuit lubri- 
cation control using first lubrication circuit 52. 
[0042] Further, after completion of lubrication of Input 
clutch 4, the lubricating oli can be collected by the plu- 
rality of oil catching ribs 55A uprightly extending from 
the inner surface of the lower portion of input clutch cas- 
ing 51 . The lubricating oil then can be permitted to enter 
Into oil return passage 57 through opening 56 in input 
clutch casing 51 and return to oil pan 54. The lubricating 
oil returned to oil pan 54 can be surely used for subse- 
quent lubrication of input clutch 4. 
[0043] This application Is based on Japanese Patent 
Application No. 2000-1 98263 filed on June 30, 2000, the 
entire contents of which, inclusive of the specification, 
claims and drawings, are hereby Incorporated by refer- 
ence herein. 

[0044] Although the invention has been described 
above by reference to a certain embodiment of the in- 
vention, the Invention is not limited to the embodiment 
described above. Modifications and variations of the 
embodiment described above will occur to those skilled 
In the art, in light of the above teachings. The scope of 
the invention Is defined with reference to the following 
claims. 



Claims 

1 . An input clutch lubrication control apparatus for au 
automatic transmission, comprising: 

an oil pump (24) discharging a lubricating oil; 
a sleeve (27); 

an input shaft (5) having an axial bore (5b), the 
Input shaft (5) rotatably supported by the sleeve 
(27); 

an electromagnetic Input clutch (4) electromag- 
netlcally operated to be drivlngly coupled with 
the input shaft (5) upon being applied; 
a first lubrication circuit (52) feeding the lubri- 
cating oil discharged from the oil pump (24) to 
the electromagnetic input clutch (4), the first lu- 
brication circuit (52) including a space (5a) be- 
tween an outer circumferential surface of the 
input shaft (5) and an inner circumferential sur- 
face of the sleeve (27); and 
a second lubrication circuit (53) feeding the lu- 
bricating oil discharged from the oil pump (24) 
to the electromagnetic input clutch (4), the sec- 
ond lubrication circuit (53) Including the axial 



bore (5b) of the input shaft (5); and 
a controller (62) programmed to control the first 
and second lubrication circuits (52, 63) to reg- 
ulate an amount of the lubricating oil fed to the 
5 electromagnetic Input clutch (4). 

2. The Input clutch lubrication control apparatus as 
claimed In claim 1 , wherein the controller (62) is pro- 
grammed to detemnine a required lubricating oil 

10 amount required for lubricating the electromagnetic 
input clutch (4), depending on an operating state of 
iiitf eleCLronriagnetic Input clutch (4), th^ ccntroncr 
(62) being programmed to use both of the first and 
second lubrication circuits (52, 53) when the re- 

15 quired lubricating oil amount is a maximum, the con- 
troller (62) being programmed to use only the first 
lubrication circuit (52) when the required lubricating 
oil amount is a minimum. 

20 3. The Input clutch lubrication control apparatus as 
claimed In claim 1 or 2, further comprising a flow 
control member (52a) disposed within the first lubri- 
cation circuit (52), the flow control member (52a) 
limiting an amount of the lubricating oil passing 

25 through the first lubrication circuit (62). 

4. The input clutch lubrication control apparatus as 
claimed In claim 3, wherein the flow control member 
(52a) comprises an orifice. 

30 

5. The input clutch lubrication control apparatus as 
claimed in any one of claims 1 -4, further comprising 
an oil pan (54) receiving the lubricating oil which has 
lubricated the electromagnetic input clutch (4), and 

35 an Input clutch casing (51) enclosing the electro- 
magnetic input clutch (4) and formed with a plurality 
of oil catching ribs (55A, 55B) collecting the lubri- 
cating oil in a space defined therebetween. 

40 6. The input clutch lubrication control apparatus as 
claimed in claim 5, wherein the plurality of oil catch- 
ing ribs comprise upright ribs (55A) radially extend- 
ing from an inner peripheral surface of the Input 
clutch casing (51) and spaced from each other In a 

^ direction of rotation of the electromagnetic Input 
clutch (4). 

7. The input clutch lubrication control apparatus as 
claimed In claim 6, wherein the plurality of oil catch- 

50 ing ribs comprise a.connection rib (55B) connecting 
the adjacent two of the upright ribs (55A). 

8. The input clutch lubrication control apparatus as 
claimed in any one of claims 1 -7, further comprising 

55 an oil return passage (57) transmitting the lubricat- 
ing oil collected to the oil pan (54), the oil retum pas- 
sage (57) comprising an opening (56) fonmed in the 
Input clutch casing (51). 
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9. An automatic transmission, comprising: 

an oil pump (24) discharging a lubricating oil; 
a sleeve (27); 

an input siiaft (5) rotatably supported by the 5 
sleeve (27); 

an electromagnetic input clutch (4) electromag- 
netically operated to be drivtngly coupled with 
the input shaft (5) upon being applied; 
first and second lubrication circuits (52, 53) flu- io 
Idly communicating the electromagnetic input 
clutch (4) with the oil pump (24) and arranged 
parallel to each other; and 
a controller (62) programmed to perform either 
one of a mono-circuit lubrication control In is 
which the first lubrication circuit (52) is used 
and a bi-circuit lubrication control in which the 
first and second lubrication circuits (52, 53) are 
used, depending on an operating state of the 
electromagnetic input clutch (4). 20 

10. The automatic transmission as claimed in claim 9, 
wherein the controller (62) is programmed to deter- 
mine a required lubricating oil amount required for 
lubricating the electromagnetic Input clutch (4), the 23 
controller (62) performing the bl-clrcult lubrication 
control when the required lubricating oil amount is 

a maximum, the controller (62) performing the mo- 
no-circuit lubrication control when the required lu- 
bricating oil amount is a minimum. 30 

11. The automatic transmission as claimed in claim 9 
or 10, wherein the first lubrication circuit (52) com- 
prises an annular space (5a) fomried between an 
outer circumferential surface of the input shaft (5) 35 
and an inner circumferential surface of the sleeve 
(27), and the second lubrication circuit (53) com- 
prises an axial bore (5b) formed in the input shaft 
(5). 

40 

12. The automatic transmission as claimed in any one 
of claims 9-11, further comprising a flow control 
member (52a) limiting an amount of the lubricating 
oil passing through the first lubrication circuit (52), 
the flow control member (52a) being disposed with- 
in the first lubrication circuit (52). 
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